China has recognized the threat of HIV to its population and responded with a national antiretroviral treatment (ART) program. However, high ART failure rates and the spread of resistance within populations are important realities to consider when developing and managing ART programs in China and worldwide. Concepts which will define treatment success and local and national programmatic goals are 1) access to ART, 2) durability of ART at the patient level, 3) scalability of treatment modalities, and the 4) sustainability of the program at the community or national level. In the face of limited resources, China must also consider when to start ARV therapy, which agents to use, when to switch them, and how to treat highly experienced patients with drug resistance. The optimal ARV regimen to start with is changing frequently with the introduction of new agents and the presentation of new data. Currently, a regimen including tenofovir, emtricitabine or lamivudine and a nonnucleoside reverse transcriptase inhibitor appears to have optimal characteristics to treat HIV/AIDS in China. However, critical to all of these choices is the evaluation of programs implemented to insure wide scale success. China has wisely begun this process of evaluating the performance of local programs through systematic monitoring and evaluation of treatment outcomes. This will allow regimens and programs that work to be expanded, and programs with high failure rates to be eliminated. In the end, evidence based data supporting treatment strategies will allow China to successfully confront its AIDS epidemic early and prevent its tragic consequences
INTRODUCTION
Advances in antiretroviral therapy (ART) have resulted in dramatic declines in hospitalizations and death rates in the U.S. and Europe, with concomitant steady increases in life expectancy. In China, the government has recognized the imminent threat that HIV/AIDS poses to its population and responded with a national antiretroviral (ARV) treatment program providing ARV drugs free to those most in need [1] . However, given the potentially catastrophic impact of HIV and the transmissibility of drug resistant HIV strains, the development and implementation of sustainable and affordable ART strategies is a priority for China.
It is important to recognize that despite the significance of the recently implemented ARV treatment program in China, access to the ARV drugs is only the tip of the iceberg. Key issues must be clearly defined and addressed for a larger and diverse country such as China to establish and implement a successful ART program. Examples include: 1) the development of drug procurement and delivery systems; 2) augmentation of expertise in the management of ART; 3) enhancement of care and treatment infrastructure particularly in regions where the epidemic is entrenched; 4) development of alternative treatment delivery models which lend themselves to rapid scalability; 5) define and validate the safety and efficacy of the optimal ARV regimens for use in China; 6) establishment of monitoring and evaluation capacity to ensure success in ART approaches in different settings and populations throughout China.
has been learned in the US and Europe about the limitations of effective ART. Recent clinical trials of new ARV agents have demonstrated astounding success rates with > 70% of individuals treated attaining durable viral suppression [2] [3] [4] [5] . However, the success rates in real life clinic settings have been much lower [6] . This has led to an increase in the prevalence of resistance mutations in both those on ART and those who are newly infected [7, 8] . Indeed, a report in this issue demonstrates that 62.7% of patients developed ARV drug resistance after only 6 months of ART in one region in China [9] . These high failure rates and the spread of resistance within populations are important realities to consider when developing and managing ART programs in China and worldwide. The proactive prevention of the emergence of HIV and Hepatitis B (HBV) resistance to ARV drugs in both the individual patient and the community is extremely important. How successfully this can be accomplished will determine the long term sustainability of newly initiated national ARV programs.
Concepts which will define treatment success and local and national programmatic goals are 1) access to ART, 2) durability of ART at the patient level, 3) scalability of treatment modalities, and the 4) sustainability of the program at the community or national level. Central to each of these strategic variables is the definition of programmatic success.
Access to treatment is the ability of individuals or communities to obtain not only ART but also appropriate medical care and management. Access to the medical care needed to administer high quality ART is also a major hurdle to the delivery of ART in many parts of China. Once ART is finally obtained, there is then the challenge of receiving appropriate management of these complex treatments including drug toxicities, drug-drug interactions, adherence, and resistance. Despite only approximately 1 million patients on therapy in the U.S. and Europe, access to ARVs and to medical care with expertise in HIV treatment is still a recognized problem. Even in the U.S., many individual states have waiting lists to obtain recommended ART.
Durability of treatment can be defined as treatments which produce the desired effect, for example viral suppression, for an extended period of time. It is hoped that this period of time would be measured in decades, so that individuals can live a natural lifetime. The ramifications of a non-durable initial ART regimen include disease progression, opportunistic infections, ARV drug resistance, and expanded diagnostic monitoring (such as frequent viral load and viral resistance testing) as required components of routine clinical care. If only one primary ART regimen is available, failure of that regimen may lead to death for an individual who has no further options. In addition, resistant virus may be transmitted, leading to lack of efficacy of the one primary regimen in ARV naive patients. This would, in turn, limit therapeutic options for all HIV infected individuals in China.
Key variables to improve the durability of therapeutic response include the choice of regimen, the care delivery system and the therapeutic strategy used. The choice of ARV drugs can directly impact durability of a regimen due to a number of properties of the drugs including their toxicity/side effects, mutation threshold of the drugs either alone or in combination, pK profiles and drug-drug interactions. Studies have demonstrated that care delivery systems such as directly observed therapy can have a huge impact on the durability of an ARV regimen [10] [11] [12] . Additionally, the therapeutic strategy used may play a role in durability by utilizing ARVs under conditions which optimize pharmacokinetics and other drug characteristics. An example of this are induction-maintenance strategies which seek to optimize viral suppression early with multiple high mutation threshold drugs and then de-intensify to simple, non-toxic drugs for long-term maintenance.
Once access to a durable ART regimen has been established, the ability of HIV treatment strategies to be "scaled up" to allow the treatment of all HIV infected individuals in a prefectorate, province or nationwide is critical to the long term success of the management of HIV disease. This can be termed scalability [13, 14] . There are a number of variables which will determine the scalability of a selected ARV program. First, the selection of the regimen will dictate capacity to scale. For example, regimens that do not require laboratory testing for toxicity monitoring will be easier to bring to scale. Second, the ART model selected will dictate capacity to scale. For example, hospital or clinic based ARV programs will have limitations. Village, workplace, or parish centered ARV treatment programs lend themselves to rapid expansion. Third, systems needed to maintain an adequate supply of the necessary ARVs, need to be in place. Substantial logistical management is required to ensure that the drug supply is maintained without interruption and that the drug is utilized prior to expiration. Fourth, development and implementation of strong community based treatment education and preparation programs that proactively engage the community in participating in a program promoting early diagnosis, early treatment and support of persons living with HIV infection will be crucial. Without it, many, who on paper have access to HIV drugs, may not actually be able to obtain treatment due to lack of infrastructure, the need for specialized lab tests, the need for a certain level of education to administer the drugs, the lack of facilities to store temperature sensitive drugs, or the cost limitations of providing care which often far exceed the cost of the ARV medications. Each of these concepts is hopelessly inter-twined and equally important in the consideration of ART in a prefectorate or province. Overall, it is important that from the initial vision of a national ARV program, these issues related to scalability are thought through.
After an ARV program has been brought to scale and is able to provide ART to the people living with HIV in the community, it will become critical to sustain this capacity in order for the ARV program to negate the impact of HIV on its society. Two major prerequisites will be required for long term sustainability. First, the development of ARV resistance has been successfully minimized during the course of implementation of the ARV program, so that the selected ARV regimen still retain its antiviral efficacy once the program is scaled. Second, sustainability will be dependent on the continued support of the government and donor agencies to underwrite the cost of ART. These programs will need to be effective in terms of globalization and relevant economic, social and humanitarian concerns to justify a sustained level of support.
The strategies created in China to deliver ART are developed with the goal of "success". However, success is determined by one's outlook. For example, Brazil's experience implementing ART has been proclaimed as a success by some who point out the tremendous access to ARVs created by the program and the declining mortality rate of HIV-infected individuals since the implementation of ART. However, others will highlight that, in a short period of time, 6% of newly diagnosed and more than 40% of ARV treated patients in Brazil have evidence of resistance [15, 16] . They suggest that this is what has led to Brazil's increased ARV costs and will lead to future increased mortality. In fact, Brazil stated that 25% of its overall health budget is now spent on purchasing Kaletra, an ARV used as a second/third line drug in the Brazilian ARV program [17] . Therefore, the goals of a therapeutic strategy, such as viral suppression over time or percent drug resistance, must first be defined to determine the success or failure of that strategy and insure wide scale implementation of a successful treatment strategy.
KEY PRINCIPLES AND COMPLEXITIES OF ANTIRETROVIRAL THERAPY
The appropriate management of ART is a continually evolving process which should change as new data becomes available. When considering selection of an ARV regimen one must synthesize the issues of viral dynamics and pathogenesis [18] [19] [20] [21] [22] , resistance, drug pharmacokinetics, drug toxicities, and drug durability. It is also essential to learn from the hard-learned lessons of the past 15-20 years of ART. It is now clear that sequential mono or dual therapy as occurred with ZDV and/or didanosine (ddI) therapy, implemented and scaled up without an adequate understanding of the importance of adherence, resistance, pharmacokinetics, and provider experience, led to resistance and limitation of future treatment options. In retrospect, it may have been more prudent to optimize and validate issues related to ARV durability before wide scale implementation of ART recommendations. Although unintended, these early decisions served to enable viral resistance which further complicated ART. For example, a high prevalence of resistance in patients with primary or early HIV infection can inadvertently lead to monotherapy in a newly treated patient if resistance exists to one or two of the drugs chosen for that person's initial ART regimen. Wide scale non nucleoside reverse transcriptase inhibitor (NNRTI) resistance induced by "successful" MTCT programs could significantly negatively impact the success of a National ARV program utilizing an NNRTI containing ARV regimen. These are just examples of how early decisions may impact future ARV program options and add to the complexity of ART management. China has wisely chosen to investigate these critical issues by carefully monitoring groups initiated early on ARV regimens and determining their treatment outcomes. This decision may help China to avoid the large scale negative outcomes seen in those treated in the U.S. and Europe during the first decade of ARV treatment.
In the face of limited resources, China must consider when to start ARV therapy, which agents to use out of the 21 drugs and multiple preparations available worldwide, when to switch them, and how to treat highly experienced patients with drug resistance. The decision of when to start ART in an individual is a much debated question worldwide without a clear answer, as evidenced by the United States and Great Britain choosing different criterion despite evaluating the same data. There is consensus that therapy should be initiated when a patient develops an opportunistic infection or has CD4 cell count < 200 [23] . Above this, there is a debate over the optimal starting CD4 cell count [24] [25] [26] . Data indicates a much higher morbidity and mortality rate if started at CD4 < 200. However, above this level, the benefit of therapy to prevent disease progression is smaller, although ART has been demonstrated to have a greater efficacy and lower toxicity at higher CD4 cell counts. In addition, in countries such as China where TB remains an active public health problem, delaying the initiation of ARV to patients with advanced immunodeficiency may have significant implications related to TB transmission. In HIV infected patients co-infected with TB, TB reactivation often occurs at CD4 counts between 200-400. If ARV intervention is delayed, an opportunity to limit the spread of TB may be missed along with the prevention of isolated TB disease in the individual patient. China has chosen to carefully evaluate the data available and develop a Chinese staging system to direct these decisions. This system recommends consideration of treatment for those individuals with clinical immunosuppression, opportunistic infections and CD4 < 200, and sub-clinical immunosuppression, CD4 < 350. Also, all HIV patients with TB should be considered for ART independent of underlying immune status.
The optimal ARV regimen to start with is changing frequently with the introduction of new agents and the presentation of new data. The basic selection criteria for an ARV regimen include: high potency, high threshold of resistance, low toxicity, favorable pharmacokinetics (i.e., once or twice daily administration, co-formulation), similar drug half-lives amongst drugs used, equal activity in different cellular growth cycles, few short term and long term side effects and few drug interactions, particularly with TB medications. These criteria have led to changes in primary treatment regimens in the U.S. and Europe. Recognition of the limitations of the thymidine analogs, stavudine (d4T) and ZDV, have prompted clinicians to replace these agents with potent, once daily, low toxicity agents such as tenofovir (TDF) and abacavir(ABC). Lowering the potential to develop drug toxicities is an extremely important issue when ARV programs select one regimen. Choice of regimens which may include thymidine analogs [27, 28] and nevirapine (NVP) [29] must be balanced by accumulating toxicities of long term therapy, increased cost, and potential for development of resistance prior to onset of symptomatic AIDS. This is highlighted by the 62.7% resistance seen after 6 months of ZDV/ddI/NVP in China [9] . In addition, the presence of co-morbidities such as HBV must also be factored into the selection of antiretroviral agents, especially given the high prevalence of HBV in China. Therefore, consideration should be given to the inclusion of antiretroviral agents with HBV activity, TDF, lamivudine (3TC) and emtricitabine (FTC), in an HIV treatment regimen and the avoidance of HBV monotherapy with 3TC alone in order to prevent HBV resistance.
HIV management also includes dealing with the toxicities of these drugs [27, 28, [30] [31] [32] [33] , drug-drug interactions, difficulties with the need for 100% adherence [34] , lack of long-term efficacy of regimens in real life settings [35] [36] [37] [38] [39] , cost, co-morbid illnesses such as hepatitis and tuberculosis, opportunistic infections and their prophylaxis, substance abuse, mental illness, and the social situations of patients (housing, nutrition, stigma, family/reproductive counseling, secondary prevention, etc.). Adding to the complexity is the fact that there is no one answer for any of these issues. It is therefore not a surprise that numerous studies have demonstrated that the more experience a provider has in the care of HIV infected patients the better the outcomes in terms of viral suppression, disease progression, and death. New treatment strategies built on the hard learned lessons from existing ARV programs can and should be developed in order to avoid the mistakes of the past.
Consideration of switching or changing ART is given when an individual does not have an appropriate initial response to therapy, has an increase in viral load following complete viral suppression, and has a decreasing CD4 cell count, and/or toxicity or intolerability to therapy. Antiviral drug resistance and ARV side effects are the major causing of switching therapy. Resistance has become a significant problem in the United States, Europe and, more recently Brazil. The high replication rate and low replication fidelity (high error rate) of HIV predisposes to the development of resistance. In general, resistance develops on ART in the face of ongoing viral replication and significant resistance can be occurring despite a stable or increasing CD4 count. Thus, treatment strategies which rely on CD4 counts alone to determine treatment failure will likely see patients with accumulated resistance mutations at the time of recognized clinical failure. Some data also suggests that resistance may occur when initiating therapy and prior to complete viral suppression. This can be problematic when considering agents with a low mutation threshold such as 3TC, efavirenz (EFV), and NVP. These agents have been chosen in developing countries due to their ease of administration, costs, and potency. Resistance to EFV and NVP has been shown to develop rapidly in clinical use and has been documented to occur in up to 15% of patients with primary/early HIV infection and no history of exposure to antiretroviral therapy [7] . In addition, we are recognizing the fact that high rates of resistance to NNRTIs occur after single dose NVP is given for PMTCT [40] . It is now clear that significant cross-resistance occurs within each of the antiretroviral drug classes. Use of one or two agents in a given class may lead to resistance to the entire class of agents. Stated another way, if resistance mutations to the initial ART regimen occur and are allowed to accumulate, future treatment options may be extremely limited not only for the individual but also for the community if resistance occurs to a high degree among treated patients.
CREATING DURABLE ANTIRETROVIRAL REGIMENS/PROGRAMS IN CHINA
Successful treatment strategies are based on the concept of durability. A durable regimen can prevent the emergence of resistance, promote health, decrease the complexities of care, and save money in total health care costs. Durable regimens can be created with prudent, intelligent use of the antiretroviral agents currently available. Select-ing treatment regimens and delivery strategies prior to validating durability of the selected regimen in the specific patient population could have long term serious public health consequences. For example, recent clinical trials found that certain combinations of reverse transcriptase inhibitors, ddI/ABC/3TC, ddI/TDF/3TC or ABC/TDF/3TC, had unacceptable high rates of failure only after they were used clinically [41, 42] .
Tab. 1 Potential First Line Reverse Transcriptase Inhibitor based Regimens

ARV Regimen
Advantages Disadvantages ddI/ABC/3TC *Nevirapine has restrictions on its use due to hepatotoxicity noted in women with CD4 > 250 and men with CD4 > 400. Efavirenz is contraindicated in pregnancy and in women of child bearing age. 1 TDF based regimen is preferred in China due to the high prevlence of HBV and the desire to avoid HBV monotherapy. Efavirenz is favored due to the low fertility rate and the lack of CD4 count restrictions for use as seen with NVP.
Recommended regimens
Central to the principles of optimizing durable ART is the attainment of maximal viral suppression, a viral load less than 50 HIV RNA copies/ml. Only clinically proven regimens of 3 or more primary ARV drugs should be used. Drugs with high mutation thresholds should be included. This is particularly important when considering the use of 3TC and NNRTI drugs which are very vulnerable to loss of activity due to an occurrence of a single point mutation.
Because patients interrupt medication due to illness and non-adherence, it is also important to use medications with similar pK profiles. However as important as the regimen choice is, the care delivery structure used to deliver ART is equally as important. Treatment adherence is paramount to durable viral suppression. This is particularly important during the induction of viral control and periods when virus is detectable. Data is emerging that events during the initial induction of viral control will determine durability limitations not recognized until 1-2 years later. Thus programs like our own are developing intensive treatment preparation strategies to adequately prepare patients for treatment. ARV treatment preparation is then coupled with intensive treatment support especially during the first 3 months after treatment initiation to include a menu of observational ARV delivery strategies. Both treatment preparation and treatment support proactively incorporate family and community involvement into HIV care programs. All of this is intended to give the patient needed support to ensure adherence particularly when patients are first placed on ART. Given that much remains to be learned as relates to alternative ARV delivery models, it is important to create and validate new models for antiretroviral treatment strategies for different settings and populations.
Choice of the optimal regimen to be used in different clinical settings of China remains to be defined. Despite this, the selection of initial first line ARV regimen choice is required. Today most programs have selected RTI based regimens for scale-up and held boosted PI based regimens for special situations and clinical failure of initial treatment. Initially, China explored the use of ZDV, ddI and NVP as well as d4T, ddI and NVP. Both these choices were associated with high treatment failure rates as noted above 9 . Tab. 1 outlines the advantages and disadvantages of potential RTI based treatment regimens and recommendations for China taking into consideration important concomitant issues such as the high prevalence of HBV and the low fertility rate. With the choice of potent regimens consistent with the principles highlighted above and intensive treatment preparation and support especially during the first 3 months of treatment initiation, durable antiretroviral suppression should become the rule.
OPPORTUNITIES FOR SUCCESS
Today a person diagnosed with HIV infection in the US or Western Europe can anticipate living a natural life time. China's implementation of a national ARV treatment program has the potential to accomplish this same feat in China. However, the key to this accomplishment is the successful introduction of durable, scalable, sustainable antiretroviral therapy.
ART has major limitations which have been appreciated over the last 15 years and has caused HIV therapy to become more complex and costly over time in the developed world. Successful strategies to bring HIV therapies for all regions and populations in China need to be developed in context of the complexities of using ARV in each region with variable health care infrastructures, limited monitoring capabilities, different opportunistic infections and nutritional deficiencies, and different levels of HIV education and stigmatizations. Local solutions need to be developed, implemented and embraced. What works well in the US may not work well in China. Available data from African and Caribbean populations strongly suggest that time to development of clinical outcome, after HIV infection, is significantly compressed compared to US and European populations, and that differences in the health care delivery systems account for only a part of this accelerated disease process. These therapeutic programs and approaches must also be carefully considered and anchored in what is known about the pathogenesis of HIV/AIDS in such populations and not simply the blanket application of known US and Europe therapeutic strategies [43] [44] [45] [46] .
China has begun a process of evaluating the performance of local programs through systematic monitoring and evaluation of treatment outcomes. This will allow regimens and programs that work to be expanded, and programs with high failure rates to be eliminated. "Successful" ART should not merely count the number of patients treated, but rather programs must be measured by treatment outcomes and their consequences on the society. This will be important to ensure that programs that are ultimately recognized as failures in 5-10 years, do not get exponentially expanded prematurely. However, if demonstrated success is linked to additional resources, and these programs are brought to scale as rapidly as possible, the integration of science, medicine, industry and public policy in to delivering ART in China will allow China to successfully confront its AIDS epidemic early and prevent its tragic consequences.
